ABSTRACT Cape-ivy (Delairea odorata Lamaire) is an ornamental vine that has escaped into natural areas in many countries and become a serious pest. It is native to the eastern part of South Africa, and surveys there located several potential biological control agents for this weed. One of these is Parafreutreta regalis Munro, a tephritid ßy that causes large galls to form on the stems of the vine. In a collaborative effort, we began to evaluate, in both California and South Africa, the host range of this ßy. Between the two locations, we tested 93 plant species and 2 varieties of Cape-ivy to see if, after being exposed to four pairs of ßies for a week, any galls would develop on them. No galls were formed on any of the test species, although an average of six galls developed on each of the Cape-ivy controls. We also tested to see whether P. regalis showed any preference for either of the two varieties of Cape-ivy. There was no signiÞcant difference between the numbers of galls forming on the stipulate or astipulate varieties. Our tests indicate that this ßy is essentially monospeciÞc. Earlier research had shown that P. regalis galls cause a signiÞcant reduction in the height and nongall biomass of Cape-ivy. A petition has been submitted to initiate the process of obtaining permission to release P. regalis in California to control the Cape-ivy infestations there.
galling ßy that is one of the few insects previously reared from Cape-ivy (Munro 1940) . During 1999, the South African team attempted to determine the Þeld host range of these potential agents by collecting insects from 10 other species of vines, closely related to Cape-ivy, at sites where one or more of these prospective agents were present on Cape-ivy (Grobbelaar 2000) . After making collections at 43 sites in four provinces, they found that several of these insects seemed to be restricted to Cape-ivy (Grobbelaar 2000) . They found stem galls on Þve other vine species in the tribe Senecioneae, but the ßies emerging from these galls were other species (Grobbelaar 2000) .
We are currently studying the biology of this ßy, under controlled temperatures, in our quarantine in Albany, CA. A simpliÞed life cycle is as follows. A female P. regalis oviposits several to many eggs in a node or growing tip of Cape-ivy. After ϳ2 wk, the Þrst swelling, indicating gall formation, becomes detectable. A month after oviposition, the gall is fully formed, and the larvae chew a small, circular "window," covered by the intact plant cuticle, on the side of the gall. After another month, adult ßies, usually 5Ð12 in number, break the "window" and begin emerging from the gall. Thus, the life cycle from oviposition to adult emergence is ϳ2 mo but is temperature dependent, requiring an additional 1 or 2 wk during winter and 1 or 2 wk less in summer. The female will begin to oviposit within a day or two of emergence, and the adults live for ϳ2 wk.
In 2001, we began a cooperative effort at our laboratories in Albany, CA and Pretoria, South Africa, to simultaneously evaluate the host range of this ßy to conÞrm that it was safe for release in the United States. Cape-ivy is a member of the daisy family, Asteraceae, and currently is the only species in the genus Delairea, although for a century and a half, it was considered to be Senecio mikanioides Otto (Jeffrey 1986 ). The genus Senecio at one time was considered the largest genus of ßowering plants with some 2,000 species (Hilliard 1977) , but this genus is clearly not monophyletic and the trend for the past few decades, using more modern techniques, is for botanists to reassign many of these species to other genera (Bremer 1994) . One of the more important reassignments has been that more than one half of the North American Senecio species have now been placed in the genus Packera (Barkley 1999) . Delairea, Packera, and Senecio are all members of the subtribe Senecioninae in the tribe Senecioneae (Bremer 1994) . In choosing plants to test, we followed the recommendations of the Technical Advisory Group for Biological Control of Weeds (TAG 2003) , which in turn is an elaboration of the "centrifugal" testing approach (Wapshere 1974) . Thus, our tests concentrated on the closest relatives of Cape-ivy instead of the more distant relatives and vines in other families.
Materials and Methods
All host range tests reported here were performed from January 2001 through December 2006, plus Þve additional species in 2009, under containment conditions in the greenhouse of the USDAÐARS weed biocontrol quarantine facility located at Albany, CA, or the laboratories of the Weeds Research Division, Plant Protection Institute, in Pretoria, South Africa. During the tests conducted in the Albany quarantine, although supplemental heating and cooling were used, ambient temperatures ranged widely, from 11 to 36ЊC. Natural lighting was supplemented by four 200-W incandescent bulbs, Ϸ1.5 m above the plants, which were turned on from 0600 to 2000 hours daily. From March through mid-May, the lights were turned off at midday (1000 Ð1600 hours) to assist in keeping the greenhouse cool. The conditions for the tests conducted in Pretoria were less controlled, and supplemental lighting was used only during a portion of some winters.
The ßies used in the trials were from our laboratory culture that was colonized from galls originally collected at the town of Wilderness, in Eastern Cape Province, South Africa.
The Cape-ivy plants used in Albany were grown from cuttings in our greenhouse, from material originally collected at Rocky Creek, 20 km south of Carmel, CA.
The Cape-ivy plants used in Pretoria were grown from cuttings collected from several locations in Kwazulu-Natal Province. In both South Africa and California, two varieties of Cape-ivy are found. One has ear-like, ßattened stipules (sometimes referred to as auricles) at the base of leaf petioles, whereas the other variety lacks these stipules. We used primarily the stipulate variety, the most common variety in both South Africa and California, in our host range tests. Typically, the Cape-ivy plants used as controls were in 20-cm (8 in) pots and had several stems, and the longest shoot was around 0.4 m long.
The form and size of the test plant species varied greatly, but they were in similar size pots, and all had at least one stem Ͼ20 cm. Most of the test plants were grown from seeds, seedlings, and cuttings collected from the Þeld by the authors and their colleagues. The scientiÞc names for the North American species conform to those used by PLANTS Database (USDAÐ NRCS 2009), whereas the names of South African plants conform to National Botanical Institute (1993) . The identities of representative specimens of the plant species used in our tests in Albany were conÞrmed by Fred Hrusa and Dean Kelch (California Food and Agriculture, Sacramento, CA), whereas those tested in Pretoria were identiÞed by the staff of the Herbarium, South African National Biodiversity Institute, Pretoria, South Africa. Vouchers of the plants tested are retained at our laboratories. We have deposited voucher specimens of these ßies in the U.S. National Museum (USNM) at the Smithsonian in Washington, DC, in the California State Collection of Arthropods in Sacramento, CA, and in the National Collection of Insects in Pretoria, South Africa.
The strategy for our host range evaluations was to concentrate on members of this subtribe and tribe but to also test at least one member of each of the Asteraceae tribes that have native or naturalized species in North America. In Albany, we concentrated on members of the same subtribe, primarily Packera and Senecio spp., which occur in coastal portions of California. These are plant species that are most likely to be encountered by an agent released to control Cape-ivy.
In South Africa, we tested the single species of Mikaniopsis, the genus that is considered to be one of Cape-ivyÕs closest relatives (Jeffrey 1986 (Jeffrey , 1992 , and nearly a dozen other vines in the same subtribe.
Because of the brief longevity of the adults of P. regalis (usually Ϸ2 wk), we designed a testing protocol that would provide the maximum amount of information during an adultÕs lifespan. These tests (that we call "no-choice/ host added") are a multiplant species, no-choice trial, to which, at the beginning of the fourth day, a Cape-ivy plant is added. Although multiple plant species were initially present, the known host was not, so we consider that portion of the test to be no-choice (Heard and van Klinken 1998, Hill 1998) .
The procedures used in Albany were as follows: a metal screen cage (122 by 91.5 by 91.5 cm) was set up in our quarantine laboratory greenhouse with four different plant species, one in each corner. A source of sugar water (50% Mountain Dew) was placed in the center of the cage. We released into the cage four female-male pairs of ßies, no older than a week past emergence from galls. To verify that the females in the cage were reproductive, after 72 h, we placed a Capeivy plant into the center of the cage. Seven to 10 d after the start, the test was ended, and the remaining ßies were recovered. Our initial oviposition studies showed that 70% of female Parafreutreta have begun to oviposit by this time. Because galls frequently failed to form on the control Cape-ivy, we used four pairs of ßies to increase the likelihood that galls would be observed. Plants were watered as necessary and observed daily for signs of gall formation. If no galls had formed after 60 d, or if the plant died earlier, we dissected the stems looking for signs of P. regalis damage and disposed of the plants. Tests where no galls formed on the "control" Cape-ivy plants were considered invalid and were repeated.
The host range tests of P. regalis conducted in Pretoria were also "no-choice, host added" trials, with protocols nearly identical to those used in Albany. Three or four test plants of roughly similar size were placed in a cage (0.56m ϫ 0.56m ϫ 0.6m) with four pairs of newly emerged ßies for three days. Flies were provided with a honey and yeast solution. On day four, the control Ð a Cape-ivy plant of similar size Ð was added. After another three days of exposure, the ßies were removed, while the plants were left in the cage and gall development monitored. At both locations, we attempted to test each plant species at least Þve times.
In Albany, during 2003 and 2004, we also conducted tests to determine whether this ßy had a preference for one of the varieties of Cape-ivy. These tests were very similar to the host range tests described above and used the same cages. Four Cape-ivy plants (two stipulate and two astipulate) were placed the corners of the cage, and four pairs of P. regalis adults were released into the cage. To ensure many galls, another four pairs were added to the cage a week later. After 15Ð21 d, we removed the dead and living ßies and monitored the Cape-ivy vines for gall development and adult emergence. After 85 d, we removed all of the galls from the Cape-ivy vines and dissected them to count any larvae, pupae, or dead adults. Each gall was classiÞed into one of three classes. Underdeveloped galls were swellings at nodes that were induced by P. regalis oviposition (conÞrmed by dissection), but the larvae had died early, and these galls never reached their typical size. Fully developed without windows were galls that reached a normal size, but windows had never formed, and they contained only dead larvae, but not pupae. Fully developed with windows were galls from which adults sometimes emerged, and which, on dissection, contained mixtures of dead and live larvae and/or dead adults. We also tested whether the two varieties of Cape-ivy differed in the numbers of each type of gall or in the number of adults and pupae produced in the galls, using StudentÕs t-test (Statistix 2005) . Before analyses, we "normalized" the data by transforming these counts by square root (x ϩ 0.01) (Snedecor and Cochran 1967) . Table 1 lists all 93 plant species, in addition to Capeivy, that were included in our host range tests from 2001 through 2009. In Albany, 56 plant species/varieties (including both varieties of Cape-ivy) were tested, and in Pretoria, another 41 species, plus 2 of the same species that were screened in Albany. Between the two locations, we tested 32 plant species from the same subtribe as Cape-ivy, Senecioninae, and four species from the other two subtribes in the tribe Senecioneae. We also tested 29 species from nine other tribes in the same subfamily, Asteroideae, and a further nine species from Þve tribes in the subfamily Cichorioideae. We were able to test members from 15 of the 16 recognized tribes within the family Asteraceae (Bremer 1994) . We also tested 19 plant species from 10 other plant families. These were mostly other vine species that occur in California, along with a few common crops and weeds.
Results
Despite differences in the mixtures of plants tested, differences in seasons, latitudes, cage sizes, and other factors, galls were only formed on Cape-ivy. An average of 6.1 (SE Ϯ 0.43; N ϭ 68) galls per Cape-ivy plant were formed in the tests in Albany (galls were not counted in Pretoria), whereas no galls were formed on any of the test plants. Frequently (e.g., 35 times in Albany), the ßies did not oviposit on the Cape-ivy controls, and galls failed to form. This resulted in Ͼ100 replicates, all without galls, being excluded from the data presented in Table 1 . We do not know why the ßies failed to oviposit on their host, Cape-ivy, but we observed a similar high rate of invalid tests when testing another tephritid, Chaetorellia succinea (Costa) (Balciunas and Villegas 2007) . Obviously, P. regalis females are very fastidious in choosing their oviposition hosts, and these ßies appear to be absolutely monospeciÞc to Cape-ivy.
The results of our tests to determine whether one of the two varieties of Cape-ivy was preferred by P. regalis are presented in Table 2 . The number of different types of galls, as well as the number of puparia produced in these galls, are nearly identical for both varieties, and statistical analyses conÞrmed that there were no signiÞcant differences. Thus, all of the Capeivy in California should be susceptible to attack by P. regalis if it is released here.
Discussion
Host Þdelity seems to be a common feature to members of the genus Parafreutreta. There are 16 described species in this genus (ITIS 2009) , and 9 of these have known host plants. Seven Parafreutreta species are restricted to a single species of Senecio, including P. regalis, which was originally described from Senecio mikanioides, now known as Delairea odorata (Munro 1929 (Munro , 1935 (Munro , 1939 (Munro , 1940 (Munro , and 1953 ). An eighth species, P conferta (Bezzi), has two Senecio vines as a host (Munro 1929 (Munro , 1940 . Only P. mavoana Munro has a nonSenecio host, having been reported from Dodonaea viscosa L. Jacquin in the family Sapindaceae (Munro 1952) . Recent taxonomic realignments have transferred all members of the maple family, Aceraceae, into the Sapindaceae (Judd et al. 2002) . We therefore tested Þve species of Sapindaceae, including D. viscosa, and no galls were formed on any of them (Table 1) .
We feel that our results reported here, and the earlier Þeld host range studies in South Africa (Grob- belaar 2000), conÞrm that P. regalis is highly host speciÞc. However, host speciÞcity is not enough, because there is concern that even highly speciÞc agents can cause unpredictable indirect effects (Simberloff and Stiling 1996; Holt and Hochberg 2001; Balciunas 2004b; Callaway 2005, 2006) . The weed biocontrol community is now sensitized to the need for greater concern for the effectiveness of biological control agents, and 1 of the 12 Guidelines of the International Code of Best Practices for Classical Biological Control of Weeds emphasizes that only effective agents be released (Balciunas 2000, Balciunas and Coombs 2004) . Accordingly, Balciunas and Smith (2006) conducted, in the Albany quarantine, prerelease efÞcacy assessments (PREA) of the potential impact of P. regalis and found that, even at low infestation rates, they cause a signiÞcant reduction in height and nongall biomass. The modeling studies of McClay and Balciunas (2005) indicated that PREAs would be most cost-effective if they were conducted before the host-speciÞcity trials. The PREAs evaluating P. regalis impact were done during the Þrst year of our host range testing, and the positive outcome encouraged us to complete the Þnal four years of host range evaluations of this ßy.
In conclusion, we feel that both the host speciÞcity and the potential efÞcacy of P. regalis have now been shown. Therefore, a petition, summarizing our studies and results, has been submitted to the Technical Advisory Group for Biological Control of Weeds, better known under its acronym TAG. This is the Þrst step in gaining regulatory approval to release P. regalis in California. Valid tests were those where the control Cape-ivy plant produced galls (see Materials and Methods). Families from Judd et al. (2002) . Number genera/species from Bremer (1994) 
and USDAÐNRCS (2009).
a Naturalized or crop species not native to the United States. Twenty replicates each of both the astipulate and stipulate varieties of Cape-ivy were exposed to eight P. regalis females.
